
USNRDL-TR- 621.

28 January 1963

ISS~
OCALORIMETRIC MEASUREMENS OF

"W"4 GAMAkY, FAST NEW~RON, AN4DCHARGED PAi(TCLE ABSOR~BED DOSES

by
E. R. Schleiger
14. Goldstein
E. Tochilin

"ý a

U.S. NAVAL RADIOLOGICAL
DEFENSE LABORATORY

SAN FRANCISCO 24,. CALIFORNIA



RADIOLOGICAL PHYSICS BRANCH
E. Tochilin, Head

NUCLEONICS DIVISION
E. E. Kreger, Head

ADMINISTRATIVE INFORMATION

This report covers a facet of work authorized
by the Defense Atomic Support Agency under
NWER A-2 titled Nuclear Radiation. Sub-Task
06.029 titled Microcalorimetric Measurement of
Absorbed Dose from Neutrons and Gamma Rays.
Details may be found in the USNRDL Technical
Program Summary for Fiscal Years 1963-1965 of
1 November 1962. Funds were provided by the
Defense Atomic Support Agency on MIPR 524-63.

ACk."OI LEHDGMEv. TS

We gratefully appreciate the assistance of
L. D. Miller and 0. Makarounis of this Laboratory
in designing and fabricating the microcalorimeter;
and the assistance of the staff at the University of
California Crocker Laboratory in performing the
neutron exposures. We would also like to express
our gratitude for the time allotted us on the
University of California Lawrence Radiation Labo-
ratory 184-in. cyclotron and for the assistance of
the staff, particularly John T. Lyman, in perform-
ing the radiation exposures.

Scooper 5.5. Roth, CAPT USN
Scientific Director Commanding Officer asd Director



ABSTRACT

The energy absorbed by aluminum, carbon, or tissue-equivalent (TE)
material when exposed to gamma rays, fast neutrons, or 900-Mev alpha
particles was measured with a microcalorimeter. The instrument was
patterned after the one described by Reid and Johns, Rad. Res. 14, 1
(1961), but has an ethylene glycol bath instead of water. Spaced mylar
sheets about 6-1/2 in. in diameter were mounted on one side of the
absorber inside the evacuated cylindrical chamber in order that the
detector could be thermally insulated in the direction of the beam
without the presence of bath solution.

Gamma-ray absorbed dose rates as low as 2 rads/min were measured
with the instrument. The dose rates obtained from the exposures to
Co60 and Cs1 37 sources at this Laboratory (NRDL) agreed with the
output of the sources as measured with a National Bureau of Standards
secondary standard cavity ionization chamber. Thirteen 10-mmn
exposures of the TE absorber in the microcalorimeter to fast neutrons
from the University of California 60-in. cyclotron at Crocker Laboratory
resulted in absorbed dose measurements varying from 24 to 40 rads. The
average absorbed dose value was 5 percent higher than the NRDL
determination based on flux and spectrum measurements. Microcalorimeter
exposures to the 900-Mev alpha particle beam from the University of
California 18 4-in. synchro-cyclotron at Lawrence Radiation Laboratory
gave absorbed doses that agreed reasonably well with ionization chamber
determinations.
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SU)LVARY

The Problem

The purpose of this experiment was to build and test a calorimeter
capable of detecting temperature changes corresponding to absorbed
energy rates of 2 rads/min in aluminum, carbon, and tissue-simulating
absorbers when exposed to gamma rays, fast neutrons, or charged
particles.

The Findings

The calorimeter was constructed and its use as a laboratory
standard was demonstrated. Cs1 37 gamma-ray absorbed dose rates of
2 rads/min were measured by the instrument. Co60 and Cs137 gaa-raq
dose rates agreed with ionization chamber measurements. Fast neutron
absorbed dose rates with the tissue-simulating absorber vere slightly
higher than the dose rate based on spectrum and flux measurements.
Calorimeter and ionization chamber measurements of 900-Mw alrha
particle absorbed doses were comparable for dose rates varying from
75 to 4000 rads/mIn.
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INTRODUCTION

Measurement of the temperature rise of Irradiated material provides
a fundamental and direct method of determining absorbed dose. 2he
advantages of this technique have been demonstrated in earlier investi-
gations and have led to the recinendation that calorimetry measurements
be used for primary standardization of absorbed dose for photon energies
above 1.0 Mev. 1, 2

2he unit of absorbed dose is the rad. One red is 100 ergs/g or
2.39 x 10-0 cal/g of absorbing material. For graphite, 1 rad of
absorbed energ results in a temperature change of 1.4 x 10-5 0 C. 2his
paper describes a microcalorimeter designed to measure neutron and
gsmma-ray absorbed dose rates as low as 2 rads/min and evaluates its
performance with various absorber materials and radiation sources.
Aluminum, graphite, and tissue-equivalent (TE) material were used as
absorbers. Dose rates for the absorbers obtained from gsa-ray
exposures to Co60 and Cs1 37 sourcps at this Laboratory '(DL) are
compared to the outputs of the soufces as measured with a National
Bureau of Standards secondary standard cavity ionization chamber.

Doses of fast neutrons frm the University of California 60-in.
cyclotron at Crocker Laboratory were measured with the microcalorimeter
using the TB absorber. Modified Sievert ionization chaers and film
detectors gave comparative values with and without the equipment for
fast neutrons and ga rays. The uicrocaloriaeter absorbed dose value
is compared to the RDL calibration based on flux and spectru detemi-
nations and to meas nts made with a system of h Ionization
chabers by the Radiobiological Research Unit of the efdical Research
Council, Harwell, Egland. Results are also presented of higher dose
rate exposures of the TB absorber to 90-Nev alpha particles from the
University of California 184-in. synchro-cyclotron at Lawrence Radiation
Laboratory.
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EER4ENTAL ARRANEM(T

The calorimeter is of the conventional design consisting of a
cylindrical absorber placed inside a concentric baffle which in turn is
suspended in a vacuum chamber. The entire assembly is placed in a
liquid bath which is held at a constant temperature so that steady-state
conditions can be reached by the absorber, baffle, and vacuum chaber.
Supplementary equipment includes the temperature sensor in the absorber
and its related circuits, electrical heating coils and associated
circuits for calibration purposes, the vacuum system, and the temperature
controls for the bath. The following paragraphs describe the equipment
in detail.

Vacuum Chamber and Bath

The general arrangement of the calorimeter, which is shown in
Fig. 1 Ind 2, is similar to that used by Reid and Johns1 and Bernier,
et al., with the exception that one end of the aluminum vacuum chanber
extends through the wall of the bath so that the incident radiation will
not be attenuated by the bath liquid. Heat exchange between the absorber
and the roam through this extended end of the vacuum chamber was mini-
mizod by 14 aluminized wylar film radiation shields within the vacuum
chamber and a 2-in. thick styrofoam plug over the outer end. Ethylene
glycol was used as a bath liquid to minimize corrosion. The bath
temperature was maintained by a mercury thermoregulator controlling an
imersion heater. Operation of the bath at about 50 C above average
room temperature eliminated the necessity of a cooling system as the
heat input from the stirring device and vacuum pump was more than
compensated for by the losses from the bath to the surrounding atmos-
phere. Under these conditions, the bath temperature cycle had an
amplitude of about 0.0050 C.

A vacuum of approximately 10-5 of mercury was maintained by use
of an ion pump which required a mechanical fore pump only during the
initial pumping-dovn period. With this vacuum, the rate of heat
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Fig. 2 The microcalorimeter with the top removed and the bath solution
drained. The absorber assembly is attached to the standpipe
that is bolted to the aluminum vacuum chamber.
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exchange between absorber and bath was estimated to be of the order of
4 x lo-5 cal/°C per sec. This estimate was based on a measurement of
the rate of temperature change of the graphite absorber for a known
temperature difference (approximately 0.5 C) between bath and absorber.

Absorbers and Baffles

Absorbers were constructed of three different materials--alumimu
(Al)., graphite (C), and a tissue-equivalent carbon-loaded plastic (TS).
7he Al and C absorbers were in the form of a hollov cylinder. The Ti
absorber vas a solid cylinder. Dimensions and weights of the absorbers
are shown in Table 1. Electrical heating of the absorbers for cali-
bration purposes was accomplished in the case of the Al and C absorbers
by a coil of resistance vire which was wrapped around the outside of
the cylinder in a helical groove. On the Ti absorber the heating
current was passed through the absorber material itself, electrical
contact being made to a thin film of aluminum evaporated on each end
of the cylinder. To minimize radiative losses from the absorber and
heating coils, the absorber surfaces were covered by anodized alu•inum
foil, the anodized surface facing inward to prevent electrical shorting
of the heating circuit.

Table 1

Absorber Data

Absorber Weights (g) Diinsions (on) Calibration
dateril Absorber tAditional Wall Restova) e

Material Material T[tal Diameter Height hiclkness (o )

Al 6.58 0.03 6.61 2.0 1.5 o.2o 3o6

C 3.51 0.08 3.59 1.5 1.25 0.30 169

Ti 5.10 0.20 5.30 2.0 1.5 solid 430 (approx.
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Each absorber was suspended by nylon threads in a hollow baffle
made of the same material as the absorber. Although the primary
purpose of the baffle was to provide electronic equilibrium during
irradiation, it served the additional purpose of making the absorber
temperature changes nearly adiabatic during an exposure to radiation.
Since the baffle absorbed energy from the radiation at the same rate
as the absorber, it therefore experieneed temperature changes of
approximately the same magnitude. The baffles were also equipped with
heating coils so that during calibrations the same electrical power
per mass of baffle material could be supplied to the baffle as was
supplied to the absorber. Figure 3 shows the TE baffle and absorber
prior to final assembly. The flanged metal cylinder to which the
absorber assembly is attached is the bottom portion of the standpipe
which is shown bolted to the top of the vacuum chamber in Fig. 2.
Electrical connections are made by a nine-pin feed-through in the base
of this standpipe.

In each of the three absorbers a thermistor was used to detect
the temperature change of the absorber. The thermistors used were the
bead type with a mass of approximately 0.01 g and nominal resistance
of 100,000 ohms at 250 C. In the Al absorber the thermistor was
imbedded in the lid; in the C absorber it was imbedded in the side wall;
and in the TE absorber it was in a hole passing through the center of
the absorber. In all thermistor installations, a drop of vacuu pump
oil was placed on the bead to improve thermal contact with the absorber
material.

Detection, Aplification, and Calibration Systems

Figure 4 is a diagram of the Wheatstone bridge circuit used for
detecting resistance changes in the thermistors. The battery E is a
1.34-volt mercury cell. R1 is the thermistor; R2 is a variable
resistance made up of components giving a rang. from 50,000 to 160,000
ohms in 0.1-ohm steps; and R3 and 4z are 100,000-ohm fixed resistors.
The bridge signal ws amplified by a Beckan Model 1 DC breaker
amplifier and was recorded by a Varian Model G-10 100-m strip
recorder with an accuracy of 1 percent of full scale. The attenuator
between amplifier and recorder was a simple potentioeter Introduced
to insure that amplifier output is greater than 0.5 volt for full scale
recorder deflection--a precaution recmnded by the murer of the
mplifier to minimize noise originating after the gain control.

The electrical power used for calibration purposes was supplied
by two 1.3l-volt mercury cells In series. Current was controlled by
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Fig. 3 The TE absorber and baffle prior to final assembly.



R R3

R2  R4

Fig. 4 The Vheatstone bridge circuit. See the text for
explanation of symbols.

variable resistances in series with the beating coils and measured by
a variable scale uicrommter vith an accuracy of 0.5 percent of full-
scale deflection. Calculations of power dissipation in all heating
coils vas by the I2R method with the coil resistance measured to an
accuracy of 0.3 percent by a 'Wheatstone bridge. rn the case of the TZ
absorber, the resistivity of the material vas found to vary with
current; thus power calculations required measurement of voltage drop
across the absorber. This vas done to an accuracy of approximately
0.5 percent by a digital voltmeter. All electronic cmponents of the
bridge and pover supply vere contained in a styrofoam-insulated metal
box except for the mplifier, recorder, and meters.

ABSOBM• DOSE D1O!

The recorder deflection resulting from the thermistor temperature
increase which occurs vhen energy ti absorbed by the absorber, is a
function of the smount of energy absorbed. Or, if time is considered.,
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the slope of the recorder trace is a function of the rate of energy
absorption. Figure 5 shows the response trace of the recorder for a
typical 10-mn radiation exposure and outlines the method used to
calculate the absorbed dose from the slope (or deflection rate) of the
trace, taking into consideration the background drift during the period
of energy absorption. The calibration factor which is used in this
calculation is obtained by observing the deflection which occurs when
a known quantity of electrical energy (expressed in raed in Fig. 5) is
supplied to the heating coil of the seae absorber, drift corrections
to the recorder trace being made in the same manner as in the exposure
runs.

The general procedure was to alternate calibration runs of 10 min
duration with exposure runs of the same time period. Before each run
the bridge vas rebalanced (and the recorder thus reset) by adjusting
the variable resistance in the bridge circuit. A ratio of divisions
of recorder deflection per ohm change in thermistor resistance Vas
obtained from this adjustment and was used as a sensitivity check of
the system. The man of the calibration factors obtained in individual
runs was then used for each of the absorbed dose calculations. Table
2 liste these mean calibration factors and related data for the three
absorbers.

In the exposures to the 900-Ne alpha particle beur the absorbed
dose rates were much higher (up to J4M0 rads/min) and the exposure
times were accordingly reduced to limit the total absorbed energ to
4000 rads in any one run. The system sensitivity, as controlled by
amplifier gain, was of course greatly reduced for these higher dose
rates. Because of limited tmae, the number of calibration runs was
held to a miniam. The calibration factor (rads/div) shown in Table 2-
was therefore expressed in a more general form by taking the product
of it and Its corresponding systems sensitivity (div/c6ir). This product
is a factor (rads/oba) which for a given thermistor resistance should
be independent of system sensitivity and was found to be so by check
calibrations at several different absorbed energy rate levels up to
the equivalent of 4000 reds/win. It was thus used in the high dose
rate experiments instead of a separately determined calibration value
for each new dose rate.

The following sections describe the mlcrocalortmeter exposures to
gma rays, fast neutrons, and 900-NHe alpha particles, and the
resulting dose measurements.
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Table 2

111crocealorizeter Calibration Data

Pover Input (1% or 31): 2 to 13 Pv
Calibration rate: 2 to 12 rads/ain
System sensitivity: 25 to 29 div/obm

Standard Error of
Absorber TOm Thezmistor Thermistor No. Calibration Man Calibration

(oC) Resistauc Sensitivity of Factor Factor
(ohms) (obi/°C) Runs (rafs/div) (rads/dI,)

Al 38* 55,000* 21o00* 19 1.39 0.01

Al 28 85,ooo 1xM0 8 0.91 0.01

Tz 28 86,ooo 3900 52 1.43 0.02

C 28 87,o000 390 17 0.79 0.02

* Initial runs were made at approximtely 150C above averae ro
temperature. In later runs this differential ws reduoed, to *out
5OC. Tie low thermistor resistance and sensitivity are the results
of this higher operating temperature.
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Gama-ray measurqents vith the microcalorimeter vere made using
the NRDL 200-curie CoO and 120-curie C. 1 37 sources. In order to
minimize scattering from the equipment, the gmns-ray beam from the
cone-shaped radiation aperture in the lead shield around each source
was limited to the cross-sectional area of the baffle. This was
accomplished by means of an additional lead collimator with a circular
opening of 7-cm diameter. The roentgen output of each source vas
initially calibrated to an accuracy of 2 percent vith a cavity
ionization chamber. This secondary standard ionization chamber vas
constructed and calibrated by the National Bureau 9 Standards (DBS)
for radiations ranging in energy up to those of Coo' gaem rays.*
A further check on the output of the source during the exposure period
vas made with a Victoreen condenser r-meter calibrated by NBS. The
values given in Table 3 for the source calibration vere based on the
cavity ionization chamber measurements vhich vere approximately 2 per-
cent higher than the r-meter results.

Table 3

Gema-Ray Measurements

Standard Error
Absorber Absorber No. Source Absorber of Mean Absorber

Source Material Distance of Clibration Dose Rate Dose Rate
(c.) Runs (rads/uin)(rads/mIn) (radsluin)

co 6 Al* 50 6 8.9 9.0 0.1
Al* 55 8 7.1 7.5 0.1

TI 55 10 8.1 8.2 0.1

C 55 15 7.2 7.2 0.2

Cs137 TI 19 8 2.2 2.5 0.2

C 49 10 '2.0 2.0 0.1

* The two series of Al runs ware made tvo months apart.

* Private cwc lcation.
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The small dimensions of the Sievert ionization chamber 3 ade it
possible to insert six of them inside the hollow aluminum absorber so
that the dose inside the microcalorimeter could be compared with that
in air. The absorbed energy averaged over the entire absorber vill be
very neqrly the energy absorbed at the center of the absorber mass.
The Co~u g -a-ray dose measured with the ionization chambers inserted
in the absorber in the microcalorimeter was (92 t 1) percej.of the
dose measured in air. The corresponding factor for the Csy• source
was (87.-t 1) percent. Attenuation in the aluminum end-plate of the
vacuum chamber and in the baffle accounted for most of this reduction
in dose. Scattering from the bath solution contributed about 1 percent
to the total absorbed dose for the CoWO gamma rays. The lead collimator
used with the Co source scattered an additional 1 percent into the
gama-ray beam while the one used with the Cs source reduced the beam
inteimity by approximately 1/2 percent by absorbing som of the gamma
rays previously scattered into the bern from the aperture.

As all three absorbers had about the same average thickness in
g/cmui, the Sievert chamber measurements in the Al absorber and
cylirder were also used to correct the C and TE absorbers. A low
value for the effective absorption coefficient was observed from the
measuxements, 2 percent correction for attenuation in the Al absorber
for both sources plus 1 percent in the baffle for the Csl373 gmrays.
No effect could be detected for the aluminam baffle exposed to Co60
gamm rays. These measurements indicate that the contribution of the
scattered radiation in the baffle and absorber to the measured dose
inside them was sufficient to lover tke effective absorption coefficient
from the Compton value (about 0.03 czF/g) to approximately 0.02 cm2/g.

The results of the g -ray exposures are tabulated in Table 3.
Source m'asurements in roentgens were converted to absorbed-dose
calibration vaiaues in rads using 85, 88, and 97 ergs/g per roentgen
for Al, C, and TI material respectively.4 These conversion fsctors
are based on a value of 34 er per ionlmfr (W). Absorbed doses ranged
from a min&== of 20 rads for the Csl'1 source to a meximi of 90 reds
for the CoOu source. The Cs exposures were at an absorbed dose rate
of 2 rads/min, a value which represents the minimum dose rate for which
the microcalorinster was designed. Laugin5 reports that about 2 per-
cent of the gama-ray energy absorbed in conducting plastic is not
converted to heat energ but is lost in endothermic chemical reactions.
The TB absorber dose rate values gtven in Table 3 have therefore been
increased by that mount as have the TB absorbed dose measurements made
with the .icrocalorlaeter for the other sources of radiation energy.
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Neutrons

In order to minimize scattering from the bath solution, measure-
ment of fast neutron absorbed dose with the microcalorimeter is limited
to sources of sufficiently low average energy to allow collimation.
In addition the neutron intensity has to be high enough so that the
energy absorbed by a small amount of material can be determined.
Neutrons fran the University of California 60-in. cyclotron at Crocker
Laboratory satisfied these requirements. 7he spectrum produced when
12-Mev protons bombard a thick Be target is similar to that of fission
neutrons. Tochilin and Kohler determined the spectrum and dose rate
for the fast neutrons with nuclear track pates and sulfur threshold
detectors calibrated to 14.1-Hev neutrons.e At a beam current of 60 pa
an output of 30 rads/min was obtained 30 in. from the target (NRDL value).

Neutron intercomparisons have been made at the 60-in. cyclotron
between this Laboratory and the Radiobiological Research Unit, Medical
Research Council (MRC), Harwell, England. The MRC measurements were
made with a system of homogeneous ionization chambers which in turn had
previously been used for fast neutron intercomparisons with other
laboratories in the United States.7 7he NRDL neutron dose was 9 percent
higher than the rSRC value when the ignization chambers were calibrated
with the NRDL Co 0 gana-ray source. 7his difference decreased to
5 percent when the calibration factor based on the MRC radium gma-ray
standard was applied to the ionization chamber readings. The dis-
crepancy between the two gala-ray standards has not been resolved.

The over-all size of the microcalorimeter necessitated operating
it at a I0-deg angle to the direction of the incident protons with the
absorber located 112 cm from the target. A collimating opening of 6 -cm
diameter defined the neutron beam. Neutrons outside the collimator
were attenuated through 60 cm of water and 10 cm of lead. The neutron
dose at the location of the absorber in the microcalorimeter was
measured with four Sievert ionization chabers whose neutron response
was determined at the cyclotron using the EMDL calibration value for
0 deg to the bemn axis. These chambers were ame neutron sensitive by
replacing the standard chamber lining with a conducting plastic formu-
lated to be tissue equivalent for both neutrons and ga rays.9
Ionizatign chamber response to gs ra was measured with the 200-
curie CooW source previously described. The relative neutron to ga-
ray response of the four chbers was 0.72. However, experiments at
the cyclotron with an essentially tissue-equivalent chamber gav only
a slightly higher response. Under the sam experimental conditions,
the neutron to gin-ray response was 0.74 for 25 Sievert chusbers
constructed by the Naval Medioal Research Institute, Bethesda, Maryland,
in vhich all aluminum parts were replaced by conducting plastic and the
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chambers filled with tissue-equivalent gas instead of air.

Since the Sievert chambers did not rigidly adhere to the Bragg-
Gray principle, a possibility exists that their neutron sensitivity
could change with energy. Nuclear track plate measurements at 0 deg
and at 45 deg to the beam axis made for an earlier experiment at the
cyclotron have established that virtually no •ange in neutron spectrum
takes place at the two geometrical locations. The chamber calibration
at 0 deg can therefore be expected to be valid at 40 deg to the beam
axis where the microcalorlmeter measurements were made.

Inasmuch as fast neutrons from the cyclotron are accompanied by
some ga radiation, it became necessary to evaluate the contribution
of this component to the total absorbed dose measured by the micro-
calorimeter. The gma-ray dose was measured with dosimeter films ., 12
A correction of 1 percent was applied for the dosage senýjtivity of film
to a fission-type neutron spectrum when compared to a Oow0 calibration
with gam rays. A correction of less than 0.5 percent was also
determined for the thermal neutron flux measurement obtained from gold
foil activation.

Ionization chamber and film measurements were made at the location
of the TE absorber with and without the presence of the microcalorimeter.
The data are presented in Table 4. The doses were referenced to neutron
activation of sulfur monitors placed in the center of the beam as it
emerged from the collimator. Gamma rays initially accounted for 8
percent of the total dose. Nhen identical measurements were made inside
the calorimeter the gumma-ray contribution was -1 percent. This
3 percent increase was primarily from gm rays created by thermal
neutron capture of moderated fast neutrons in the ethylene glycol bath
directly behind the absorber. At the same time the neutron dose at the
location of the absorber was observed to decrease by 2 percent because
of attenuation in the aluminum end-plate of the vacuum chamber. The
neutron attenuation factor for the TE material was approximately 10
percent/cm, resulting in a correction of 8 percent for the TB absorber.
The thirteen 10-min runs made with the microcalorimeter at the cyclotron
resulted in doses that ranged from 24 to 50 rads and averaged 35.7 wads
as determined by the sulfur monitors. After making a 2 percent allowance
for endothermic chemical reactions, the same 13 runs averaged 37.6 wads
of energy absorbed in the microcalorimeter.

* Unpublished data.

15



Table 4

Neutron Measurements

Neutron i•un
Detector Gema-Rah Dose Remarks

(reds)

IOiUZATION CRAXBW AND P=X Measurement made at the lo-
without microcalorimeter 38.4 cation of the TE absorber

without the presence of the
microcalorimeter, 92 percent
neutrons

in microcalorimeter 38.8 Measurement made in the
microcalorlmeter with film
and ionization chambers
replacing the TE absorber,
89 percent neutrons

in microcalorimeter 35.7 Value calculated to include
8 percent neutron attenuation
in the TE material, 88 percent
neutrons

MICROCAWRDDW
TE absorber (mean value) 37.6
Standard error (13 runs) 0.7
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900-Mev Alpha Particles

The response of the microcalorimeter to 900-Mev alpha particles
was investigated at the University of California 184-in. synchro-
cyclotron at Lawrence Radiation Laboratory (UCLRL). A comprehensive
program of particle beam dosimetry has been developed at the cyclotron
for radiobiology and medical radiology investigations .13

Runs were made with the alpha particle beau entering the exposure
area through a collimating pipe of 1.75-in. diameter. An ionization
chamber with plane-parallel electrodes was centered in the beam
directly behind the collimator. The calorimeter was, in turn, aligned
in the beam directly behind the chamber. The collection volume of the
ionization chamber, defined by the circular area of the collecting
electrode, limited dose measurements to a 0.5-in. diameter in the
central region of the beam. In contrast, the area intercepted by the
TE absorber was 2.4 times greater. Film dosimeters were used to check
the alignment of the absorber and the radiation contours over the
region of interest. Such measurements determined that the average dose
received by the TE absorber was 10 percent less than that intercepted
by the ion chamber.

In an attempt to check any possible ion chanber dose rate
dependency produced by columnar recombination of the alpha beam,
exposures were made at five dose rates ranging from 75 to 4000 rads/min.
The ion chamber current was integrated over each run to give the total
dose delivered in tissue rads. Results of the experiment are given in
Table 5.

Table 5

900-Mev Alpha Particle Measurements

No. Approximate Average Dose
of Dose Bate Dose NRDL UCLPL
Runs (reas/min) (rinds) (Crads) ND/CR

3 75 203 198 1.03
3 190 216 198 1.09
4 75 380 396 0.96
6 250 400 396 1.01
6 750 380 396 0.96
3 750 1480 158o o.94
3 750 3000 3160 0.95
3 4000 3100 3160 0.98
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DISCUSSION OF RESULTS

The accuracies of the calibration instrmnertation and of the
recorder itself combine to give an estimated value of 1 percent for the
theoretical accuracy of the microcalorimeter. It will be noted in
Table 2 that at the minimum dose measurements (2 rads/min for 10 min)
the standard errors are significantly greater than this theoretical
accuracy. The lack of reproducibility on consecutive runs which leads
to the standard error is believed to result from electrical noise
superimposed on the recorder traces, uncertainties in evaluating the
traces, and random departures from steady-state thermal conditions in
the calorimeter. Under favorable operating conditions, the latter
factor makes the greatest contribution toward the standard error. This
conclusion is based on the observed heat leakage rate of 4 x 10-5
cal/sec per oC between the C absorber and the bath. Using this transfer
rate and the known 3. 6 -gm mass of the C absorber it follows that a
temperature differential of 0.0070 C between bath and absorber will
produce the sme rate of temperature change in the absorber as an
absorbed dose rate of 2 rads/mmn. Since this O.0070 C temperature
differential is of the same order of magnitude as the amplitude of the
bath cycle it is concluded that the dose rate of 2 rada/min represents
the lower limit of the working range of the microcalorimeter.

The Co60 gama-ray measurements (Table 3) were made under .he
most favorable operating conditions. Room temperatures were very stable
and there was a minimum of interfering electronic noise. Except for the
second series of aluminum runs, the agreement between source calibration
values and the absorbed dose rate is within the standard error. The
Cs137 measurements were also made under the same operating conditions
but at the lower limit of the working range of the instrunent, 2 rads/
min. The results obtained were consistent with the standard error and
the 2 percent source calibration error. The agreement between the
source calibrations and the microcalorimeter measurements for the two
gama-ray energies confirm the W value of 34 ev per ion pair in air
used to convert the roentgen doses to absorbed doses.
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The neutron measurements (Table 4) were made in a building in
which there were large temperature fluctuations and some electrical
noise interference. Nevertheless, at an exposure dose rate of
approximately 4 rads/min, the standard error of only 1.9 percent of the
mean absorbed dose value compares favorably with that obtained for the
gamma rays. It will be noted that the difference between the micro-
calorimeter and ionization chamber-film measurement is greater than the
standard error. Part of the discrepancy is probably inherent in the
problem of comparing absorbed dose with first collision dose. After
calibrating the Sievert ionization chambers on the basis of the first
collision NRDL value, they were used to determine the fast neutron dose
inside the microcalorimeter for the larger cross-sectional area of the
TE absorber. The discrepancy between the microcalorimeter value and
the NRC measurement at the 60-in. cyclotron is slightly larger. The
ionization chamber-film measurements were based on the IRDL calibration
value which, as previously mentioned, was 5-9 percent higher than the
MRC measurement. The microcalorimeter absorbed dose value which is
5 percent higher than the NRDL calibration value thus becomes 10-14
percent higher than the NRC measurement.

During the 900-Mev alpha particle measurements (Table 5) a great
deal of difficulty was experienced in the instrumentation of the
temperature sensing system of the microcalorimeter. Randan excursions
of magnitudes several times the drift correction were frequently
observed in the amplified signal from the bridge. As a result, the
agreement between absorbed dose measurements in consecutive runs was
not as good as might be expected for operation at the relatively low
sensitivities required for these high dose rates. The values which are
shown are not believed wholly representative of the capability of the
microcalorimeter, but since it was not feasible to repeat the measure-
ments, they have been included in this report. The tissue-equivalent
rad dose from the high-energy alpha-particle bean was measured as it
passed through the ionization chamber before reaching the absorber.
There was a negligible amount of scattering of alpha particles out of
the well-collimated beam. Thus the microcalorimeter and the ionization
chamber measurements for the 900-Hev alpha-particle beam are directly
comparable.
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CONCLUSIONS

The results of the experiments discussed in this report indicate
that with the proper selection of absorber material the microcalorimeter
can be used to make absolute measurements of absorbed dose from gaa
rays, neutrons, and charged particles at rates ranging from 2 to 400
rads/min. The principal disadvantages of its use are its large physical
size, the relatively long period of time (at least 24 hr) required for
evacuation of the chamber and the attainment of thermal equilibrium,
and the necessity for providing a cooling period after several con-
secutive exposures to permit the absorber and baffle to regain temper-
ature equilibrium with the bath. Within the limitations mentioned
above, use of the microcalorimeter as a laboratory standard has been
demonstrated.

20



RE ECES

1. W. B. Reid and H. E. Johns, Measurement of Absorbed Dose vith
Calorimeter and Determination of W, Radiation Research i 1-16
(1961).

2. J. P. Bernier, L. D. Skarsgard, D. V. Cormack, and H. E. Johns, A
Calorimetric Determination of the Energy Required to Produce an Ion
Pair for Cobalt-60 Gena-Rays, Radiation Research 5_, 613-633 (1956).

3. H. Skoldborn, On the Design, Physical Properties, and Practical
Application of Small Condenser Ionization Chamers, Acta Radiologica,
Supplementum 187 (1959).

4. Report of the International Commission on Radiological Units and
Measurements (ICRU) Natl. Bur. Standards (U.S.) Handbook 78 (1961).

5. J. S. Iaughlin, Annual Progress Report to the United States Atomic
Energy Commission, Contract AT(30-I)-lI51 (1960).

6. E. Tochilin and G. D. Kohler, Neutron Beam Characteristics from the
University of California 60-in. Cyclotron, Health Physics i_, 332-339
(1958).

7. G. J. Neary and F. S. Williesmon, A Simple Method of Fast-Neutron
Dosimetry for use in Radiobiology, and an Intercomparison with Some
Methods Used in the United States, pp 463-471, Selected Topics in
Radiation Doslmetry, International Atomic Energy Agency, Vienna
(1961).

8. A. Batchelor, Intercomparison of Fast Neutron Dosimetry, Symposium
of Neutron Detection, Dosimetry, and Standardization, SM-36/51,
Harwell, Egland (1962).

9. J. W. Duckworth, A Rapid Reading and Handling System for Miniature
Condenser Type Ionization Chambers, Naval Medical Research Institute
Memorandum Report 6 (1955).

10. E. Tochilin and B. W. Shumay, Flux and Spectrum of Simulated
Fission Neutrons in the Vicinity of an Opening in a Neutron Shield,
wuRDL--4W (196o).

21



11. M. Ehrlich, The Sensitivity of Film to 3 Miev Neutrons and to Thezral
Neutrons, Health Physics 4 13-128 (196U).

12. R. J. Smith, Thermal and Fast Neutron Effects on Dosimeter Films,
Nuclear Defense Laboratory Report NDL-TR-13 (1961).

13. A. C. Birge, H. 0. Anger, and C. A. Tobias, Heavy Charged-Particle
Bemns, in Radiation Dosimetry (G. J. Hine and G. L. Brownell, eds.)
pp 623-665, Academic Press, New York, 1956.

22



Instruments and Phsic.

INITIAL DISTRIBUTION

copies

NAVY

3 Chief, Bureau of Ships (Code 335)
1 Chief, Bureau of Ships (Code 320)
5 Chief, Bureau of Ships (Code 685C)
1 Chief, bureau of Medicine and Surgery
1 Chief, Bureau of Naval Weapons (RRA-11)
2 Chief, Bureau of Yards and Docks (Code 74)
1 Chief, Bureau of Yards and Docks (Code C-400)
1 Chief of Naval Operations (Op-07T)
1 Chief of Naval Research (Code 104)
1 Commander, New York Naval Shipyard (Material Lab.)
3 Director, Naval Research Laboratory (Code 2021)
1 Office of Naval Research (Code 422)
1 CO, Office of Naval Research Branch Office, SF
10 Office of Naval Research, rFO, New York
1 CO, U.S. Naval Civil Engineering Laboratory
1 U.S. Naval School (CEC Officers)
1 Commander, Naval Air Material Center, Philadelphia
1 Naval Medical Research Institute
1 U.S. Naval Postgraduate School, Monterey
1 Commander, Naval Ordnance Laboratory, Silver Spring
1 CO, Naval Nuclear Ordnance Evaluation Unit (Code 4011)
1 Office of Patent Counsel, San Diego
1 Commandant of the Marine Corps
1 Conuandant, Marine Corps Schools, Quantico (CMCLFDA)
1 Director, Landing Force Development Center

ARMY

1 Chief of Research and Development (Atomic Division)
1 Chief of Research and Developwent (Life Science Division)
1 Deputy Chief of Staff for Military Operations (DO)
1 Deputy Chief of Staff for Military Operations (CBR)
1 Office of Assistant Chief of Staff, G-2
1 Chief of Engineers (EIGHC-EB)
1 Chief of Engineers (!NGHC-DE)
1 Chief of Engineers (E1GCW)
1 CG, Army Materiel Command (AMCRD-DE-NE)
1 CG, Ballistic Research Laboratories
1 CG, USA, CBR Agency
1 President, Chemical Corps Board

23



1 CO, Chemical Corps Training Command
1 Commandant, Chemical Corps Schools (Library)
1 CG, CBR Combat Developments Agency
1 CO, Chemical Research and Development Laboratories
1 Commander, Chemical Corps Nuclear Defense Laboratory
1 Hq., Army Environmental f'gi.ene Agency
1 CG, Aberdeen Proving Ground
1 Director, Walter Reed Arm Medical Center
1 Hq., ArzW Nuclear Medicine Research Detach., Europe
1 CG, Combat Developments Command (CDCMR-V)
1 CO, Quartermaster Res. and Eng. Command
1 Hq., Dugway Proving Ground
3 The Surgeon General (MEDtE)
1 CO, ArvW SiLnal Res. and Dev. Laboratory
1 CGs, AraW Electronic Proving Ground
1 CO, Enlgineer Res. and Dev. Laboratory
1 Director, Office of Special Weapons Development
1 CO, Arag Research Office
1 CO, Watertown Arsenal
1 CG, Mobility Comuand
1 CO, Munitions Com•and
1 CO, Frankford Arsenal
1 CG, Arm Missile Command

AIR FORCE

1 Assistant Chief of Staff, Intelligence (AFCIN-3B)
5 CG,' Aeronautical Sretems Division (ASAPRD-NS)
1 Directorate of Civil Engineering (APOCE-ES)
1 Director, USAF Project RAND
1 Commandant, School of Aerospace Medicine, Brooks AFB
1 Office of the Surgeon (SUP3.1), Strategic Air Comnd
1 Office of the Surgeon General
1 CO, Special Weapons Center, Kirtland AFE
1 CO, Special Weapons Center (SWRE)
1 Director, Air University Library, Maxwell AFB
2 Commander, Technical Training Wing, 3415th TTG
1 Hq., Second Air Force, Barksdale AFB
1 Comander, Electronic Systew Division (CRZT)

OTMl DOD ACTIVITIS

3 Chief, Defense Atomic Support Agency (Library)
1 Coliander, FC/DASA, Sandia Base FCDV)
1 Commander, FC/DASA, Sandia Base (FCTG5, Library)
1 Comander, FC/DASA, Sandia Base (FCWT)

24



2 Office of Civil Defense, Washington
2 Civil Defense Unit, Army Library
20 Armed Services Technical Information Agency
1 Director, Armed Forces Radiobiolog Research Institute

AEC ACTIVITIES AND OTHERS

1 Research Analysis Corporation
1 Texas Instruments, Inc. (Mouser)
1 Aerojet General, Azusa
1 Aerojet General, San Ramon
1 Allis-Chalmers Manufacturing Co., Milwaukee
1 Allis-Chalmers Manufacturing Co., Washington
1 Allis-Chalmers Manufacturing Co., Schenectady
1 Allison Division - GMC
2 Argonne Cancer Research Hospital
10 Argonne National Laboratory
1 Armour Research Foundation
1 Atomic Bomb Casualty Commission
1 AEC Scientific Representative, France
1 AEC Scientific Representative, Japan
3 Atomic Energy Commission, Washington
4 Atomic Energy of Canada, Limited
4 Atomics International
2 Babcock and Wilcox Company
2 Battelle Memorial Institute
2 Beers, Roland F., Inc.
1 BerylliUm Corporation
4 Brookhaven National Laboratory
1 Bureau of Mines, Albany
1 Bureau of Mines, Salt Lake City
1 Carnegie Institute of Technolog
1 Chance Vought Corporation
1 Chicago Patent Group
1 Columbia University (Havens)
1 Columbia University (Rossi)
1 Columbia University (NYO-187)
1 Combustion Engineering, Inc.
1 Combustion Engineering, Inc. (NED)
1 Committee on the Effects of Atomic Radiation
5 Defence Rssearch Member
1 Denver Research Institute
1 Dow Chemical Cmpany,, Rocky Flats
4 duPont CompazW, Aiken
1 duPont Company, Wildngton
1 Edgerton, Germeshausen and Grier, Inc., Goleta

25



1 Edgsrton, Germeshausen and Grier, Inc., Las Vegas
1 Franklin Institute of Pennsylvania
1 Fundamental Methods Association
2 General Atomic Division
1 General Dynamics/Astronautics (NASA)
1 General Dynamics/Convair, San Diego (BuWeps)
2 General Dynamics, Fort Worth
2 General Electric Company, Cincinnati
1 General Electric Company, Pleasanton
4 General Electric Company, Richland
1 General Electric Company, San Jose
1 General Electric Company, St. Petersburg
1 General Nuclear Engineering Corporation
1 General Scientific Corporation
1 Gibbs and Cox, Inv.
1 Goodyear Atomic Corporation
1. Holmes and Narver, Inc.
1 Hughes Aircraft Company, Culver City
2 Iowa State University
2 Jet Propulsion Laboratory
3 Knolls Atomic Power Laboratory
1 Lockheed-Georgia Company
1 Lockheed Missiles and Space Company (NASA)
2 Los Alamos Scientific Laboratory (Library)
1 Lovelace Foundation
1 Maritime Administration
1 Marquardt Corporation
2 Massachusetts Institute of Technology
1 Martin-Marietta Corporation
2 Midwestern Universities Research Association
1 Mound Laboratory
1 NASA, Langley Research Center
1 NASA, Lewis Research Center
2 NASA, Scientific and Technical Information Facility
1 National Bureau of Standards (Library)
1 National Bureau of Standards (Taylor)
1 National Lead Company of Ohio
2 Nevada Operations Office
1 New Brunswick Area Office
1 New York Operations Office
1 New York University (Eisenbud)
1 New York University (Fisher)
1 New York University (Richtmqer)
1 Northeastern University
1 Nuclear Materials and Equipment Corporation
1 Nuclear Metals, Inc.

26



1 Office of Assistant General Counsel for Patents
1 Pennsylvania State University
4 Phillips Petroleum Company
1 Power Reactor Development Company
3 Pratt and 'Witney Aircraft Division
1 Princeton University (White)
2 Public Health Service, Washington
1 Public Health Service, las Vegas
1 Public Health Service, Montgomery
1 Purdue University
1 Rensselaer Polytechnic Institute
1 Sandia Corporations Albuquerque
1 Sandia Corporation, Livermore
1 Space Technolog Laboratories, Inc. (NASA)
1 Stanford University (SLAC)
1 States Marine Lines, Inc.
1 Stevens Institute of Technology
1 Sylvania Electric Products, Inc.
1 Technical Research Group
1 Tennessee Valley Authority
1 Texas Nuclear Corporation
2 Union Carbide Nuclear Company (ORGDP)
6 Union Carbide Nuclear Company (OJML)
1 Union Carbide Nuclear Company (Paducah Plant)
2 United Nuclear Corporation (NDA)
1 U.S. Geological Survey, Denver
1 U.S. Geological Survey, Menlo Park
1 U.S. Geological Survey, Naval Weapons Plant
1 U.S. Geological Survey, Washington
2 University of California Lawrence Radiation Lab., Berkeley
4 University of California Lawrence Radiation Lab., Livermore
1 University of California, Los Angeles
1 University of California, San Francisco
1 University of Chicago Radiation Laboratory
1 University of Hawaii
1 University of Puerto Rico
1 University of Rochester (Atomic Energ Project)
1 University of Rochester (Marshak)
1 University of Utah
1 University of Washington (Geballe)
1 University of Washineton (Rohde)
4 Westinghouse Bettis Atomic Power Laboratory
2 Westinghouse Electric Corporation (Rahil.1)
1 Westinghouse Electric Corporation (NASA)
1 Western Reserve University (Friedell)
1 Western Reserve University (Major)

27



1 Yale University (Shultze)
1 �ale University (Breit)
1 Yankee Atomic Electric Company
"25 Technical Information Extension, Oak Ridge

USURDL

50 USWRDL, Technical Information Division

DISTRIBUTION DATE: 15 April 1963

28



St-4V

S2 II.a o4)1

E *1S0

-0 ~~O 
IXE 1

o4 .-.0~
A . o

I) LU 8o t o )L

14)

kiI a .0~

0; 14 A I

U ~ P ~;~ :
-a ~ va 2

-E~ Va-
0'a ri

23 l 1.

UA list E4~I~


